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2.
xUJSTRACT
Two sets of Super XX cut film strips were hypersensitized
under varying conditions of hypersensitizing agent used,
concentration of hypersensitizing solution and time of hyper
sensitizing. The strips were rapidly dried and exposed. One
set was exposed with a high film plane illuminance for 5*0 seconds,
and the second set was exposed with a low film plane illuminance
for
10^"
seconds. The difference in exposure necessary to give a
density of 1.50 for the strips of each set was used as a measure
of the reciprocity law failure. Prom the H and D curves of each
test a measure of the fog level and gamma of the material was ...
also measured.
A statistical analysis of the data showed that the low
intensity failure of the receprocity law was reduced after
hypersensitization and that this reduction was accomplished
with no change in gamma and with a slight increase in the fog
level under the optimum conditions.
3.
BACKGROUND 1334 G3?.i_ATION
A serious problem to the astronomical photographer has
been the low intensity failure of the reciprocity law. Exposures
necessary under these conditions may be three or four times
what
would be required with a source of greater intensity.
The problem can be eliminated by making exposures at low
temperatures
(-40
to -7d C.) , however this is a relatively
troublesome procedure.
Hypersensitization by water or alkaline solutions has been
used for many years as a method to increase the speed of a
photographic material. It has been found that most of these
hypersensitizing agents will increase speed to a greater degree
for longer rcther than shorter exposures. -^ Bowen and "yse state
that for Agfa Superpan Press, hypersensitization increased the
speed 1.3 times for a twenty second exposure and 3.0 times for
a twelve hour exposure.2
The purpose of this investigation was to make a statistical
analysis of the decrease in reciprocity law failure after hyper
sensitizing and to discover which levels of the significant
factors gave the greatest decrease in the reciprocity law failure,
and to find if these levels had the detrimental effect of increasing
fog or gamma of the material.
The hypersensitizing agent, the concentration of that agent,
and the time of hypersensitizing were the three factors tested.
The results apply only to the conditions of this investigation
since the effect of hypers.ensitizing will be significantly
changed with different conditions. ^
4.
OBJECTIVES
The purpose of this investigation into tae effect of hyper
sensitization upon reciprocity law failure is to find the
answers to the following questions :
1. Is hypersensitization by the use of ammonium
hydroxide, borax, or a mixture of 50,2 ammonium hydroxide
and 50/t borax capable of significantly reducing low
intensity reciprocity law failure ? If so, which of
these agents achieves the greatest reduction ?
2. ,.;ill the concentration of the hypersensitizing
agent significantly affect the decrease in reciprocity
law failure ? If so, what concentration ^ives tae
greatest decrease ?
3. .-'ill the length of time of hypersensitizing
significantly caange the decrease of reciprocity law
failure ? If so, what time gives the greatest decrease 1
4. ro any of the above mentioned factors significantly
increase fog or the gamma of the material ?
5.
EXPERIMENTAL PROCEDURE
Photographic material : ICodak Super XX cut film.
Developer : Kodak DK-50 developer, undiluted, for five minutes
at
18"
C. using standard A.S.A. tray agitation.
Bom: hyp e r censiti z ing solution : Desired concentrations mixed
on a weight-volume relationship.
Ammonium hydroxide hypersansitizing solution : Desired concentration
mixed on a volume
relationship.
50 f bo rax-50 4 ammonium hydroxide mixture
hypersensitizing solution : fe sired concentration mixed on a
volume relationship.
Exposure : film was placed in a contact printing frame using
a Kodak 7? 2 step tablet to attenuate the exposure.
The frame was placed a Known distance from a ten
watt source. ( see appendix 1 and 2)
Hy"j ers ensi1 1 z ing : The film was treated for the desired time
in the hypersensitizing agent at 18C.
A.S.A. standard tray agitation was used
during the treatment.
Intensity measuyan&nts of source : The measurements were made on a
Lummer Brodhun visual photometer.
(R.I.T. mechanical department)
Film drying : After hypersensitizing the film was dried for


























,1 . ^._-.i-... - ____________^___
*
6.
Experimental method : Seventy-five strips were individually
treated. They were each first
hypersen-
sitized according to the experimental
design then rapidly dried in the drying
tunnel. Each strip was then exposed for
104
seconds and processed. Each strip was
measured on a densitometer, an h and D
curve was drawn, and the exposure necessary
to give a density of 1.50 was calculated.
A second set of seventy-five strips was
also individually treated in the same way
as above except that they wore exposed for
5.0 seconds. The response variable was
then calculated for each treatment by
subtracting the exposure necessary to give
a density of 1.50 for the short exposure
strips from the exposure necessary to give
a density of 1.50 for the long exposure
strips for each corresponding treatment.
purther data was gathered by measuring tne
fog level for each treatment and calculating
the gamma of the material for each treatment.
Three statistical analyses of variance tests
were tnen made. The first to find wnich
factors significantly reduced the reciprocity
law failure, the second to find which factors
significantly increased fog, and a third
to find which factors significantly
increased the gamma. After the significant
factors were .found for each of the three
response variables, orthogonal comparison
tests were made to discover wr.ich levels
of these factors caused the significant
difference. If some pattern appeared in
these tests a third statistical analysis
was run to find if the relationship between
the levels was linear, quadratic or cuoic.
7.
EXPERIMENTAL RESULTS
The following statements represent results of statistical
analysis of the data. The single asterisk (--) represents sta
tistical significance at a risk of .05 (5;0) ; the double asterisk. (**) ,
at a risk of .01 (1%) ; and a triple asterisk (***), at a risk of
.001 (.1%).
The time of hypersensitization (-J***) and the agent used for
the hypersensitization () reduced the reciprocity law failure
of the material. The concentration of the soluti-n and all
*
interactions between factors did not have this significant effect.
(see Appendix 4) . No difference was found between the use of
ammonium hydroxide or borax solutions, however both of these
agents reduced the failure more than the mixture of borax and
ammonium hydroxide (*#). No difference was found between any
of the different times of hypersensitization tested except when
compared with zero time (***) which were tests that received no
hypersensitizing treatment.
The main factors, hypersensitizing agent used ('H0. tne time
of hypersensitizing (**#) and the concentration of the hyper
sensitizing agent (**#) j increased tae fog level of the film, (see
appendix 5) The ammonium hydroxide increased tne fog level to a
greater degree than the borax solution
'
(*) or the ammonium
hydroxide-borax mixture (#**) . There was no difference in the
fog level between using the mixture or the borax solution. The
samples having ha a no hypersensitizing treatment had a lower fog
level than those having been hypersensitized of an, of the other-
times tested (*#*). However, the eight minute treatment increased
8.
the fog level more than the two minute treatment (>">-*-) . Although
this increase in fog with increase in time of treatment existed, no
linear, quadratic, or cubic relationship was found between them.
(see appendix 6). No difference was found between the samples
treated with 1%, 2% or 4>i solutions and the samples treated with
water (Og). The 6%, concentration solution increased the fog
more (#**) than any of the other concentrations. An interaction
between the hypersensitizing agent used and the time of hyper
sensitizing (**)> and an Interaction between the. hypersensitizing
agent used and the concentration of the solution ( **#) existed
which increased the fog level of the material. ( see appendix 5)
The time of hypersensitizing (*) and the concentration of
the solution (*<) increased tne gamma of the material tested, (see
appendix 7) The sixteen minute time of hypersensitizing in
creased the gamma over tne tests that received no treatment (*)
The otner times of hypersensitizing did not increase tne gamma.
The 4;i and 6)0 concentrations both increased the gamma over tests
hypersensitized with a less concentrated solution (*). There
was no difference in gamma with tests hytersensitized in 0% (water),
1% or 2;s concentrated solutions. There was no linear, quadratic,
or cubic relationship found between the concentration of the
hypersensitizing solution and the &amma of tne photographic
material, (see appendix 8)
SuMiARY
The following statements apply only to the specific conditions
under which this investigation was performed.
Hypersensitization by ammonium hydroxide or borax solutions
reduces the reciprocity law failure to the greatest degree. The
ammonium aydroxide, however, increased the fog level ___ost.
The length of time for which the film is hypersensitized
will not affect the decrease in reciprocity law failure just so
it does receive some treatment. The shorter the time of hyper-
sensitizing possible is best in order to Keep the log level to
a minimum. If the film is hypersensitized for more than eight
minutes tne gamma will increase.
The concentration of the hypersensitizing solution does not
affect the decrease in reciprocity law failure. However, if the
concentration exceeds 4/o, the fog level will increase; or if
the concentration exceeds 2,u, the 0a_iima of the material will
increase.
The optimum condition is a hypersensitizing ti-_.e of two
minutes or less in a 1% or 2/o solution of borax. This will give
the smallest increase in fog, no change in gamma and will reduce
the reciprocity law failure of the photographic material.
10.
DISCUSSION
In this discussion the term
"speed"
refers to the exposure
necessary to give a density of 1.50, and the statements are
applicable only to the optimum conditions as found in this
investigation.
Hypersensitization increased the speed of the material
1.69 times for exposures of 5.0 seconds and 3.20 ti___es for
exposures of
10*
seconds thus decreasing the low intensity
reciprocity law failure. Since the inherent failure of the
material requires an Increase of only 1.90 times when exposed
at very low illuminance levels, hypersensitization will increase
the speed sufficiently so that the film may be given 1.64 times
less exposure at a low illuminance level than would be required
under normal short exposure, high illuminance, sensitometric
conditions. The increase In fog would usually not be of great
concern since the increase was only of the order of 1.29 times.
According to published reciprocity law failure curves*,
if an exposure is made at C. to a low intensity source, the
photographic material will have the same speed as it would have
if exposed to a high intensity source at room temperature.
However, for low illuminance level photographic work the
hypersensitizing method would be preferable to the low temperature
method because it will give the film a greater speed than it
would have under normal sensitometric conditions, and because















4. Analysis of variance table for reciprocity law failure.
source sum of squares
degrees of
freedom mean squai e 2.05 P
agent 0.32 2 0.16 3.15 3.5r
*
concentration 0.30 4 0.075 2.53 1.66
time 38. 99 4 9.75
.
2'53 216.0
AT 0.38 8 0.047 2.27 1.00
A0_ 0.48 8 0.060 2.27 . 1.27
TC 0.49 16 0.031 2.01 0.660















ji of squares de?, . free. mean sguar e *\05 P
0.003 2 0.0015 3.32
8.02** '
0.005 4 0.0013 2.69
6.95***
0.015 4 0.0375 2.69
200.5***
0.002 8 0.0013 2.27
5.90***
0.002 8 0.0013 2.27
5.90*'"*





6. Analysis of variance table for linear, quadratic or cubic
































7. Analysis of variance table for gamma.
source sum of squares
degrees of
freedom mean square E.05 P
agent 0.03 2 0.015 3.15 1.68
time 0.11 4 0.028 2.53
3.14*
concentration 0.15 4 0.038 2.53
4.27**
AT 0.11 8 0.014 2.27 0.422
AC 0.14 8 0.018 2.27 0.546
TC 0.32 16 0.020 2.01 0.608







Analysis of variance table for linear, quadratic
or cubic




concentration sum of squares freedom




























The author is indebted to hr. Richard D. Zakia and Professors
hollis 15. Todd and Albert D. Ricm-uers of the School of Photography,
Rochester Institute of Technology, and to Dr. B- II- Carroll of




1. "Hypersensitization and Reciprocity failure of rhotographic
Plates", Journal of the Optical Society of America. Volume
30, 1940, p. 508.
2. Bowen, 1.3. and Wyse, A.B., "Hypersensitization and Reciprocity
Laxsr Failure", Publication of the Astronomical Society of the
Pacific. Volume 50, 193c, p. 305.
3. Dr. Burt H. Carroll, Eastman Kokak Company, January 15, 1962.
4. Mees, C.E.K., The Theory of the Photographic Process.
Macmillan Company, N.Y. , 19537 P 205.
Other References
1. Carroll, Burt h., Hubbard, Donald, "The Photographic Emulsion:
The Mechanism of hypersensitization", Bureau of Standards
Journal of Research. Volume 10, 1933, p. 211.
2. Photo Technique. October, lf4l, p. 52.
3. iiecke, R. and Zobel, A., "Experiments in Sensitizing
and
Hypersensitizing", British Journal of
Photography. Volume
84", 1937, p. 314.
SUPPLEMENTARY REPORT
HYPERSENSITIZATION ArD RECIPROCITY Lii.v PAIL : RE
Charles N. tfest
Drying Film After Hypersensitizing
After the film has been hypersensitized , it is important
that it be dried evenly and rapidly. If this is not done, the
speed of the film- will be increased unevenly resulting in uneveness
of density. If a drying tunnel is used such as was done in this
work, the film must be hung with its edge toward the fan. If it
it is hung with the side toward the fan, eddy currents of air will
cause uneven drying. A device such as a.women's hair drier if
used, would probably be preferable to assure even drying. Also
after hypersensitizing a short bath In alcohol would probably
be extremely helpful to assure even drying.
Statistical Analysis
Care and forsight when making statistical analyses is very
helpful. During this investigation, a test to find a linear,
quadratic, or cubic relationship between levels was made on
every quantitative significant factor. This was not
intelligent
for some factors that had four levels that gave very close
results and one level wnich was much different. It was obvious
that no relationship existed between the levels so a test to find
one was not sensible.
Hypersensitizing Agents
Borax and ammonium hydroxide are rather troublesome agents
to use. Borax has a very low solubility
and ammonium hydroxide
has an extremely pungent
odor although these are the two commonly
used hypersensitizing
agents. It would be very worthwhile to find
2.
if some other alkali such as sodium hydroxide, an organic amine
such as aniline, or a alkaline salt such as sodium acetate would
work as well and be easier to use. Water should also be tested
as a possible hypersensitizing agent. It was used in this
project.as the zero level of concentration but as such could not
be compared with the other agents tested.
The Factor. Time of Hypersensitizing
The shortest time of hypersensitizing tested in this
project was two minutes, and this was found to be the optimum
length of time to use. There may, however, be an even shorter
time that will give as great a decrease in reciprocity law
failure and give less or no increase in fog. Also the shorter the
time that can be used the more convenient the method will be.
The Photographic Material
This investigation was made using ordinary cut film. In
practice astronomical plates would be used for low intensity
work. These plates inherently have a flatter reciprocity
failure curve than the film used. xt would be worthwhile to make
an investigation of this kind using astronomical plates to see
if the treatment would work as well or better. The results of
such tests would be of practical importance to the astronomical
photographer, for instance, for whom the
increased sensitivity and




Increase in fog and gamma
were the only two possible
detrimental effects of hypersensitizing that were tested.
3-
For this method to be of real value, it would be necessary to
know if resolving power, acutance or granularity were affected
by hypersensitization. It would be most appropriate to test
for these in future work. I know of no published results of
work of this kind.
